Introduction
When the radionuclide labeled microscophere methods was used, the percentages of combined ventricular output distributed to various organs in the term fetal lamb were found to be: placenta 41, lungs 7, kidney 2, myocardium 3.6, brain 3 and gastrointestinal tract 5.5 [18] . Therefore, the afterload of in utero fetal heart is mainly determined by vascular resistance of the placenta and lungs. In normal ovine pregnancies, umbilical placental circulation resistance has been found to decrease with increase in gestational age [2] . In a human pregnancy, a decrease in the A/B ratio of umbilical artery blood flow velocity waveform obtained with Doppler ultrasound is thought to indicate the same change [21] . A study on fetal lambs suggested a linear relationship between pulmonary vascular resistance and the PO 2 to which the vessels are exposed [1] and the pulmonary blood flow increased in proportion to the increase in fetal weight during advance in gestation [18] .
Recent advances in Doppler ultrasound have made feasible the assessment of in utero fetal cardiac circulatory hemodynamics [4, 7, 12] . Consequently, peak velocities of intracardiac and great vessel blood flow, stroke volume and cardiac output have been calculated [5, 6, 8, 16, 17] . In adults and children, noninvasive evaluation of pulmonary hypertension by a pulsed Doppler technique has been reported and the time to peak flow (acceleration time, AT) and AT/ventricular ejection time (ET) ratio correlated negatively with systolic pulmonary artery pressure, respectively [9, 10] . In subjects with a normal pulmonary artery pressure, the blood flow pattern in systole showed a gradual acceleration and deceleration with a rounded sum- mit in mid systole, however, in patients with pulmonary hypertension there was a rapid acceleration and an early deceleration with a sharp peak in early systole [15] . In the present study, we used Doppler ultrasound and analyzed blood flow patterns in the aorta and the pulmonary artery, with special reference to changes in placental and pulmonary vascular resistances with advancing gestation.
Materials and methods
One-hundred and eleven pulsed Doppler ultrasound examinations were performed on 88 normal fetuses, ranging from 16 to 41 weeks of gestation. All the mothers were Japanese and permission was obtained from each one for the study. Data on factors related to menstruation corresponded with physical examination and ultrasound estimation of gestational age, determined by measuring biparietal diameter [14] and fetal femur length [22] . All were normal infants at birth and birth weights were within normal ranges (between the 10th and 90th percentile) to the standard growth curve for the Japanese [19] .
The apparatus used was an Aloka SSD-870 with a 3.5-MHz transducer. An Aloka SSD-870 is applicable for either pulsed or real-time two-dimensional Doppler modes. In the pulsed Doppler mode, velocities can be measured up to 6.2 m/sec with a 3.5-MHz transducer and the sampling volume length was 0.1 cm. This apparatus also allows for a simultaneous real-time imaging and Doppler tracing capabilities. Wall filters (200 Hz) were used to eliminate the low-frequency signals occurring from valve signals and from all noise. Both the pulsed and real-time two-dimensional Doppler mode can be operated at a power output of less than 100 mW/cm 2 special peak-temporal average, according to the manufacturers' specifications.
The real-time two-dimensional Doppler mode was used to position the sampling volume of pulsed Doppler mode in the region of interest, where the blood flow velocity was to be measured. The sampling volume was placed in the great arteries immediately distal to the semilunar valves where the ultrasound beam was parallel to the direction of blood flow shown by Doppler color flow mapping. Therefore, the angle between the direction of blood flow and the Doppler beam (Θ) is assumed to be 0 because the Doppler beam is kept in parallel to direction of the blood flow [6] . In systole, a sharp peak blood flow velocity waveform was distinct in aortic and pulmonary blood flow velocity waveforms (figure 1). The maximal velocity of blood flow (MV) can be calculated by the Doppler equation: V = (Af-C)/(2f-Cos0), where V = maximal velocity, Af = frequency shift, f = transmitted ultrasound frequency and C = speed of sound in tissue [6, 13] . The AT was defined as the interval between the onset of ejection and maximal velocity and the ET as the time from the onset of ejection to that of zero flow [9] . The MV/ AT (acceleration velocity: AV) and AT/ET ratio were also calculated. On each record, 4 to 5 separate cardiac cycle were examined to determine the mean maximal velocity.
Results and comment
Aortic MV and pulmonary MV correlated well with gestational age (figures 2 and 3). Good correlations between aortic AT, pulmonary AT and gestational age were evident (figures 4 and 5). There were correlations between aortic AT/ET ratio, pulmonary AT/ET ratio and gestational age (figures 6 and 7). There was no correlations between aortic AV, aortic ET, pulmonary AV, pulmonary ET and gestation, respectively.
KITABATAKE et al. [9] reported that either pulmonary AT or AT/ET ratio decreased with increase in pulmonary artery pressure and that a very high correlation was found between pulmonary AT/ET ratio and pulmonary artery pressure in adults, as determined by the pulsed Doppler technique and cardiac catheterisation. These findings were confirmed in children, using the same techniques [10, 20] . In subjects with a normal pulmonary artery pressure, the blood flow pattern in systole showed a rounded summit in mid systole (round type), however, in patients with pulmonary hypertension, it showed a rapid acceleration and early deceleration with a sharp peak in early systole (triangular type) [15] . In our study on fetal velocimetry by pulsed Doppler ultrasound, both aortic and pulmonary blood flow velocity waveforms showed the triangular pattern, in all the normal fetuses.
With pulsed Doppler ultrasound, identification and measurement of fetal intracardiac blood flow velocity waveforms have been performed [4, 7, 12] . The aortic and pulmonary MV was found to increase gradually with advancing gestational age, under physiologic conditions [6] . Similarly, in our study, aortic and pulmonary MV correlated well with gestation, respectively. Machado et al. [11] reported no evidence of change in aortic or pulmonary AT with increasing gestation between 16 and 30 weeks' gestation. In the present study, however, aortic and pulmonary AT increased gradually with advancing gestational age from 16 to 41 weeks, respectively. Similarly, aortic and pulmonary AT/ET ratio correlated well with gestation, respectively. In normal ovine pregnancies, umbilical placental circulation resistance has been found to decrease with increase in gestational age [2] . In cases of a human pregnancy, placental resistance falls as pregnancy advances [3, 21] , an event which presumably affects the results of aortic AT and AT/ET ratio and pulmonary AT and AT/ET ratio in the normal fetus [11] . Our study showed that the afterload of both aortic and pulmonary artery decreased as did the placental resistance, with increasing gestation. However, there was no change in aortic ET and AV and pulmonary ET and AV with the advance in gestational age. We propose that our observations may relate to change in pulmonary and placental vascular resistance with advancing gestation, in the normal human fetus, in utero. Gestat ionaI age Figure 7 . Pulmonary acceleration time/ejection time ratio and gestational age.
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Abstract
One-hundred and eleven Doppler echocardiographic examinations were performed on 88 normal fetuses, ranging from 16 to 41 weeks of gestation. Aortic and pulmonary maximal velocity (MV), acceleration time (AT), ejection time (ET), MV/AT (acceleration velocity: AV) and AT/ET ratio in systole were assessed on each blood flow velocity waveform. Aortic MV and pulmonary MV correlated well with gestational age, respectively. Good correlations between aortic AT, pulmonary AT and gestational age were evident. There were correlations between aortic AT/ET ratio, pulmonary AT/ET ratio and gestational age, respectively. However, there was no correlation between aortic AV, aortic ET, pulmonary AV, pulmonary ET and gestational age, respectively. These findings may relate to alterations in pulmonary and placental vascular resistance with advance in gestation. 
